first described the neurotoxic consequences of direct infusion of the potent glutamate analog kainic acid (KA) in the rat neostriatum. The injection of KA caused a selective degeneration of neurons with cell bodies intrinsic to the striatum, but spared extrinsic axons passing through or terminating in the region . The investigation of the neurotoxic effects of KA was prompted by the interest in the development of an animal model for Huntington's disease: Numerous neurochemical and histologic parallels have been demonstrated between the striatal lesions in the experimental animal and Huntington's disease (Coyle and Schwartz, 1976; McGeer and McGeer, 1976; Ferrante et al., 1985) . More recently, it has been shown that several other potent excitatory analogs of glutamate also exhibited selective neuronal toxicity after intracranial injection (Kohler and Schwartz, 1983; Beal et al., 1986 Beal et al., , 1989 Koh et al., 1986; Koh and Choi, 1988; . Identification of receptor subtypes for excitatory aminoacids differentially sensitive to specific agonists [NMDA, quisqualic acid (QUIS), and KA] provided the explanation of the differential patterns of neurotoxicity following the application of these excitotoxins (Mayer and Westbrook, 198713; Choi, 1988; Monaghan et al., 1989; Wroblewski and Danysz, 1989) . A striking aspect of the neurotoxic effects of KA is the marked variation in neuronal vulnerability: Some neurons in close proximity to the injection site were spared, whereas other neurons, in several cases distant from the primary lesion, were degenerated Coyle, 1983) . More recently, a differential vulnerability of central neurons to neurotoxins interacting with NMDA and QUIS receptors has also been reported (Kohler and Schwartz, 1983; Beal et al., 1986 Beal et al., , 1989 Koh et al., 1986; Koh and Choi, 1988; Choi, 1988) . These results are consistent with the increasing evidence that the excitotoxins acting at amino acid receptor subtypes have differential effects on neostriatal cells and on other central neurons (Garthwaite and GarthWaite, 1984; Araki et al., 1985; Ben-Ari, 1985; Koh et al., 1986; Choi, 1988; Monaghan et al., 1989; Wroblewski and Danysz, 1989) . Previous in vivo studies have suggested a close correlation between the neurophysiologic potency and the neurotoxic effects of glutamate analogs when injected into the rat neostriatum (Schwartz et al., 1978; Zaczek and Coyle, 1982) . The limits of the in vivo methods did not allow the exact quantification of the potency of different excitotoxins on single neurons and the study of the pre-and/or postsynaptic mechanisms underlying the differential sensitivity of neostriatal neurons to glutamate analogs. By using intracellular recordings in vitro from neostriatal neurons, we have analyzed the electrophysiological effects of known concentrations of KA on these cells. Two groups of neostriatal neurons showing differential postsynaptic sensitivity to KA were characterized.
Materials and Methods
Male Wistar rats, weighing 1 N-200 gm, were used for the experiments.
The preparation and maintenance of the slices have been described previously (Calabresi et al., 1987a (Calabresi et al., ,b, 1988 (Calabresi et al., , 1989a (Calabresi et al., , 1990b . Briefly, coronal slices (200-300 pm) were prepared from tissue blocks of the brain with the use of a vibratome while the tissue was moistened continuously with oxygenated (95% 0,, 5% CO,) Krebs-Ringer solution at 36°C.
These coronal slices (200-300 pm) included the neostriatum, neocortex, and corpus callosum. A single slice was transferred to a recording chamber (vol, 0.5 ml) and submerged in continuously flowing Rrebs solution (36°C 2-3 ml/min) gassed with 95% 0, and 5% CO,. 25 + 6 (81%; n = 52) (n = 52) (n = 24) (n = 24) (n = 52) (n = 52) (n = 10) (n = 9) (n = 10) Low sensitivity to KA -79.6 k 3 38 k 7 100 0 100 22 k I 14 + 5 28 + 6 (19%; n = 12) (n = 12) (n = 8) (n = 8) (n = 12) (n = 12) (n = 4) (n = 4) (n = 4)
Values are means t SD calculated on n cells studied for each group. Neurons showing high sensitivity to KA were significantly depolarized (12-20 mV) by 100 nM KA, while cells showing low sensitivity to KA did not respond to this concentration of KA.
a Membrane resistance was measured by injecting hypcrpolarizing current pulses of long duration and low intensity (200-800 msec, 0.1-0.3 nA, respectively). h Presence of "anomalous membrane rectification" in response to membrane hyperpolarization was tested by injecting hyperpolarizing current pulses (200-800 msec duration, 0.3-l nA intensity). The rectification was considered to be present when the voltage drop produced by the current pulse was decreased at least 20% when the neuron was held at a membrane potential 25 mV more negative than the resting level (see Calabresi et al., 1990 a,b) . c Percent of spontaneously firing neurons at resting level. d The presence of tonic firing activity was studied by injecting depolarizing current pulses (200-800 msec duration, 0.8-1.5 nA intensity).
The composition of the solution was (in mM) 126 NaCl, 2.5 KCl, 1.2 NaH,PO,, 1.2 MgCl,, 2.4 CaCl,, 11 glucose, and 25 NaHCO,. NaH,PO, was omitted when solutions contained cobalt.
Intracellular recording electrodes were filled with 2 M KC1 (30-60 Ma).
Intracellular potentials were recorded with the use of an Axoclamp 2-A amplifier, displayed on an oscilloscope, and stored on a digital system. The statistical significance of the experiments was evaluated with the use of a Student's t test.
Drugs were applied by dissolving them to the desired final concentration in the saline and by switching the perfusion from control saline to drug-containing saline. New solutions entered in the recording chamber within 20 sec. The following drugs were applied: bicuculline, kainic acid, kynurenic acid, NMDA, quisqualic acid, and tetrodotoxin (TTX; all from Sigma).
Results

General characteristics of the recorded cells
The results are based on intracellular recordings from 70 neostriatal neurons. Although no intracellular staining of these neurons was attempted in this study, it is probable that most impaled cells were medium spiny neurons because other studies reported that the majority of intracellularly stained cells in the neostriatum were of this type (Preston et al., 1980; Wilson and Groves, 1980; Lighthall and Kitai, 1983; Misgeld et al., 1984; Kawaguchi et al., 1989) . Intrinsic membrane properties of these cells have been previously described both in vivo (Preston et al., 1980; Calabresi et al., 1990a) and in vitro (Kita et al., 1984; Calabresi et al., 1987a Calabresi et al., ,b, 1988 Calabresi et al., , 1990b preparations. The cells included in the data were selected on the basis of having a stable resting membrane potential of at least -70 mV, a spike amplitude of >80 mV, a spike overshoot of 20-30 mV, and an action potential duration of less than 1.5 msec.
Action of KA: comparison with NMDA and QUIS As shown in Figure lA , in most of the recorded neurons, 100 nM KA in the perfusion medium produced membrane depolarizations ranging between 12 and 20 mV. Usually, the KAinduced depolarization did not trigger action potentials. A smaller percentage of neurons did not show membrane-potential changes during perfusion of the slice with this concentration of KA (Fig.  1B) . Application of NMDA or QUIS in the perfusion medium caused significant and dose-dependent depolarizations in all the tested neurons (see Fig. 1 , Table 1 ). Membrane depolarizations produced by KA were slower than those caused by NMDA or QUIS. In contrast to KA and QUIS, NMDA induced bursts of action potentials during membrane depolarizations. Membrane hyperpolarizations by negative holding current reduced or abolished the amplitude of the NMDA-induced depolarizations, but not those caused by KA and QUIS (not shown). In some cells, the depolarizations induced by QUIS were followed by a membrane hyperpolarization (Fig. 1 ). This event was never observed following application of KA or NMDA. Repeated applications of the 3 different agonists for the excitatory amino acid receptors showed that the desensitization following prolonged application of KA was longer (5-19 min) than those observed following application of QUIS and of NMDA (l-3 min).
Dose-response curves for KA In order to quantify the differential sensitivity of the recorded cells to KA, we studied the dose-response relation for this agonist in several neostriatal neurons. As shown in Figure 2A , in most of the recorded cells, 10 nM KA was sufficient to cause small, but significant, membrane depolarizations (see also Fig.  3 ). In these cells, higher concentrations of KA (30-300 nM) induced larger reversible and dose-related membrane depolarizations ( Figs. 2A, 3 ).
The increase of the KA concentration up to 1 I.LM caused dramatic neuronal depolarizations not reversible during the time of recording (Fig. 2Ac) . Spontaneous depolarizing potentials, usually observed during application of a lower concentration of KA in these cells, were transiently increased in amplitude and frequency in the early phase of the depolarization produced by high doses of KA, but they were completely suppressed after this transient increase ( Fig. 2A) . The minority of the recorded cells, which did not produce significant membrane responses to lo-100 nM KA, was only slightly depolarized by 300 nM KA (Fig. 2B ). In these cells, higher doses of KA (l-3 FM) induced larger membrane depolarizations, but did not cause dramatic changes of the intrinsic properties of the neurons. Spontaneous depolarizing potentials were usually observed in these cells during applications of 0.3-l PM KA (Fig. 2B ). Cumulative doseresponse curves for the effects produced by KA in the 2 groups of neurons are shown in Figure 3 .
Membrane properties of these 2 subpopulations of cells showing differential sensitivity to KA are summarized in Table 1 nM KA produced a slow membrane depolarization (a), 10 PM NMDA caused a membrane depolarization coupled with the activation of action-potential discharge (b), and 10 PM QVZS produced a relatively fast membrane depolarization followed by a hyperpolarization and a rebound depolarization (c). B, In another cell, 100 nM KA did not cause significant membrane potential changes (a); 10 PM NMDA (b) and 10 PM QVZS (c) produced membrane effects similar to those observed in the cell shown in A. Resting membrane potential (RMP) was similar in both these cells (-80 mV; broken line). In Ab and Bb, the amplitude of the fast transients was not fully reproduced due to the limited frequency response of the pen recorder. Calibration bars apply to both A and B. Horizontal bars indicate the period of application of the drugs. electrophysiological characteristics similar to those previously described in other reports (Kita et al., 1984; Calabresi et al., 1987a Calabresi et al., ,b, 1988 Calabresi et al., , 1989b Calabresi et al., , 1990b Kawaguchi et al., 1989) : presence of membrane rectification at hyperpolarized levels of membrane potential, absence of spontaneous action potentials at rest, and tonic firing evoked by depolarizing current pulses without prominent accommodation.
Action of KA on membrane resistance and current-evoked jiring
The effects of KA on membrane resistance and on currentevoked firing were fully investigated only in cells showing high sensitivity to KA. As shown in Figure 4A , membrane resistance decreased during large depolarizations produced by high (0.3-1.0 PM) concentrations of KA. The KA-induced decrease of resistance persisted when the membrane was manually clamped at resting level by injecting negative current through the recording electrode (Fig. 4B ). Depolarizing current pulses, which under the control condition triggered trains of action potentials, failed to produce spikes during applications of high doses of KA; the decrease of the membrane resistance and of the firing frequency outlasted for several minutes the application of KA and, in several cells, was not reversible during the time of the recording (Fig. 4) . The broken line indicates the RMP (-79 mv); note that the membrane potential did not fully recover after the application of 1 PM KA. Bu, In another neostriatal neuron, in the control condition, depolarizing current pulses of different intensities evoked either a subthreshold voltage response or a tonic firing discharge, while a pulse of negative current generated a hyperpolarizing voltage response. Bb, In the presence of 1 PM KA, the membrane was manually clamped to the resting level (-80 mV; broken line in upper trace) by injecting constant negative current through the recording electrode (broken line in lower trace indicates 0 current). Note that, in the presence of 1 PM KA, the depolarizing current pulse did not trigger any more action potentials, and a much higher intensity of negative current was required to obtain a hyperpolarizing voltage response similar to that observed in control condition.
TTX and low-calcium, cobalt-containing solutions
The effects of lower concentrations of KA (lo-100 nM) were Pre-and postsynaptic mechanisms have been postulated to exmore complex. In most of the cells (14/24), these doses of KA plain the physiological responses and the toxicity induced by decreased membrane resistance. In some neurons (6/24), during KA in central neurons (McGeer et al., 1978; Ferkany et al., membrane depolarizations induced by low concentrations of 1982; Ben-Ari, 1985; Greenamyre and Young, 1989) . For this KA, an apparent increase of the membrane resistance was obreason, the action of this agonist was studied either in TTX or served. However, when the membrane was manually clamped in low-calcium, cobalt-containing solutions to block synaptic to the resting level to avoid the influence of membrane rectifitransmission. In 5 of 5 experiments, TTX (1 PM) affected neither cation, the resistance increase was abolished. In a few cells (4/ the depolarizations produced by different concentrations of KA 24), the increase of the resistance persisted during the manual nor those caused by lo-30 PM NMDA or QUIS (Fig. 6A-C) . clamp of the membrane. In these neurons, the frequency of TTX also failed to block the depolarizations induced by high action potentials evoked by depolarizing current pulses was indoses of KA (l-3 PM) in neurons showing low sensitivity to KA creased by KA (Fig. 5) .
(data not shown). (100 nM), is coupled with an apparent increase of the membrane resistance, as shown by the amplitude of the voltage drops (downward deflections) generated by hyperpolarizing current pulses (500 msec duration, 0.15 nA, intensity). Note that the KA-induced increase of the membrane resistance persists even during manual clamp of the membrane at resting level (-83 mv). Bu, In another neostriatal neuron, under the control condition, a depolarizing current pulse produces action potentials, while a negative current pulse causes a hyperpolarizing response. Bb, In the presence of 100 nM KA, the firing frequency is increased, and the amplitude of the voltage drop produced by negative current is augmented, suggesting that, in this cell, KA increases membrane resistance. Note that, in the presence of KA, the membrane is held at resting level (-85 mV) by constant negative current.
In TTX-containing medium, NMDA produced regenerative all-or-none plateau potentials (300-800 msec duration; 25-50 mV amplitude); the threshold for the generation of these potentials (-40 to -50 mV) was higher than the level for the activation of TTX-sensitive spikes (Fig. 6&D) . The characteristics ofthese regenerative potentials resembled those previously described for calcium-mediated plateau potentials (Misgeld et al., 1986; Calabresi et al., 1987a) .
In 6 of 6 experiments low-calcium (0.5 mM), cobalt-containing (1.5 mM) solutions abolished the depolarizations induced by NMDA, but not those produced by KA (Fig. 7) .
Antagonism by kynurenic acid Although it has been widely shown that physiological responses induced by KA and other excitatory amino acids are blocked by specific antagonists, nonspecific mechanisms have also been implicated in the excitotoxic effect produced by KA in central neurons (Ben-Ari, 1985; . In order to test this hypothesis, we studied the effect of kynurenic acid on the depolarizations produced by different concentrations of KA. As shown in Figure 8 , 500 PM kynurenic acid clearly reduced the effects caused by 100 nM KA. This concentration of kynurenic acid was also able to greatly decrease the depolarizations induced by high doses of KA (1 PM). In 3 cells, the effects of 1 I.LM KA were studied during kynurenate applications and at different times from the onset of washout of this antagonist (Fig. 8D) ; 15-20 min after the onset of the wash, 1 PM KA, which during kynurenate application produced only reversible effects, caused large depolarizations coupled with permanent changes of the membrane properties of the neurons (Fig. 9) .
KA induces spontaneous bicuculline-sensitive depolarizing potentials In several neurons, during the application of KA, spontaneous depolarizing potentials were observed. These spontaneous potentials were greatly reduced by TTX and completely abolished by low-calcium, cobalt-containing solutions (Fig. 7) . The appearance of these potentials was more evident in the group of cells showing low postsynaptic sensitivity to KA during applications of high concentrations (0.3-l PM) of KA. In these cells, KA produced bursts of these spontaneous depolarizing potentials. As shown in Figure 10 , 100 PM bicuculline reduced the amplitude and the frequency of these KA-induced spontaneous potentials. Bicuculline-sensitive potentials were depolarizing, even at depolarized membrane potentials, because the electrodes contained KCl.
Discussion
The major findings in the present study can be summarized as follows. First, 2 subpopulations of cells showing differential sensitivity to KA, but not to QUIS and NMDA, are recorded in neostriatal slices; these 2 groups of neurons do not reveal significant differences of the measured electrophysiological properties. Second, the depolarizing action of KA is not greatly affected by TTX and by low-calcium, cobalt-containing solutions, suggesting that postsynaptic mechanisms play a major role in the slow depolarization observed following acute application of KA. Third, kynurenate-sensitive receptors mediate not only the depolarizations produced by low doses of KA, but also the acute neuronal degeneration caused by high doses of KA. Fourth, KA induces bicuculline-sensitive spontaneous depolarizing potentials that are probably caused by an increased release of endogenous GABA from depolarized terminals within the neostriaturn.
D@erential neuronal sensitivity to KA
The great majority of intracellularly recorded neostriatal neurons shows very homogeneous electrical properties (Kita et al., 1984; Calabresi et al., 1987a Calabresi et al., ,b, 1988 Calabresi et al., , 1989b Calabresi et al., , 1990b . Although in the present study, dye injection was not utilized to morphologically identify the recorded cells, previous staining studies have shown that the great majority of neostriatal neurons, intracellularly recorded in vivo and in vitro, are spiny neurons (Preston et al., 1980; Wilson and Groves, 1980; Lighthall and Kitai, 1983; Misgeld et al., 1984; Kawaguchi et al., 1989) . A recent intracellular study has shown that an enormous sampling bias against the spiny neurons would be required to obtain a reasonable sample of aspiny cells from random sampling (Wilson et al., 1990) . Despite their small size, neostriatal spiny neurons are relatively resistant to damage by microelectrodes, so there is no sampling bias against them that would facilitate recordings from aspiny neurons. In addition, it has been shown that large aspiny neurons present electrophysiological properties different from those observed in the cells selected in the present study (Wilson et al., 1990) . Thus, the differential sensitivity to KA we observed seems to indicate the existence of2 subpopulations of presumed spiny neurons showing different electrophysiological responses to KA, but not to NMDA and QUIS. Dye injections studies have to be carried out to directly verify this hypothesis. The present results are consistent with several findings showing differential effects of excitotoxins in other areas of the CNS. Hippocampal pyramidal cells of CA3 and CA4 areas are particularly vulnerable to KA, while dentate granule cells are less sensitive (Kohler and Schwartz, 1983; Ben Ari and Gho, 1988) . On the other hand, ibotenic acid affects all cell types equally (Kohler and Schwartz, 1983) . In cerebellar slices in vitro, NMDA, QUIS, and KA show characteristic patterns of cellular degeneration (Garthwaite and Garthwaite, 1984) . In the retina, differing patterns of cellular degeneration are caused by neurotoxins acting at different receptor subtypes (Olney et al., 1986; Morgan, 1987) .
Recent studies show that some neurochemical markers of intrinsic striatal neurons are differentially affected by excitotox- . Low-calcium, cobalt-containing solution blocks NMDA-induced responses, but not those caused by KA. A, In the control condition, 100 nM KA caused membrane depolarization coupled with an increase of the frequency of the spontaneous depolarizing potentials. B, In the presence of a low-calcium (0.5 mM), cobalt-containing (1.5 mM) solution, the membrane response to KA persisted, while the KA-induced spontaneous depolarizing potentials were blocked. C, In the control condition, 10 ,UM NA4DA caused large membrane depolarization. D, Low-calcium, cobalt-containing solution blocked the membrane responses to NMDA. All truces were recorded from the same cell (RMP, -78 mV).
ins. A relative sparing of NADPH-diaphorase-containing neurons in response to NMDA agonists has been described (Koh et al., 1986; Koh and Choi, 1988; Choi, 1988) . It has also been demonstrated that striatal large cholinergic neurons are relatively spared by KA (Araki et al., 1985; Beal et al., 1989) . Although our data are not directly comparable with these morphochemical findings, it can be hypothesized that the differential electrophysiological responses we observed might result in different patterns of neuronal degeneration.
High-affinity KA binding sites were localized to the striatum and to field CA3 of the hippocampus several years ago (Monaghan and Cotman, 1982) but their physiological role has remained uncertain. Only a few other studies (e.g., Robinson and Dead:;J-yler, 198 1) have reported depolarizations to < 100 nM KA. EC,, values near 100 nM have been found in most experiments in isolated cells (I&kin et al., 1986 ) cultured neurons (Priestly et al., 1989) or receptors expressed in oocytes (Verdoom and Dingledine, 1988) .
Several reasons may account for the different responses to KA in the 2 subpopulations of cells of our study: (1) the different number of KA receptors present on the membrane of the recorded cells, (2) the existence of KA receptors showing differential affinity for this agonist, and (3) the different coupling between receptor activation and membrane ionic fluxes in these 2 subpopulations of cells (Ben-Ari, 1985; Monaghan et al., 1989; Wroblewski and Danysz, 1989) . Although our experiments do not distinguish between these hypotheses, they clearly show a close correlation between neurophysiologic potency and neurotoxic effects of KA. The persistence of the IL&induced depolarizations in the presence of TTX and of low-calcium, cobalt-containing solutions shows that the effects observed following acute application of KA are mediated by postsynaptic mechanisms. A postsynaptic location of KA receptors is in agreement with previous studies, while a presynaptic location of KA binding sites is still controversial (for review, see Ben-Ari, 1985; Greenamyre and Young, 1989) . Lesions of the corticostriatal pathway confer a protection of neostriatal neurons from the toxic action of KA, suggesting that a presynaptic interaction between KA and an endogenous transmitter causes neural damage (McGeer et al., 1978) . On the other hand, a recent binding study has suggested that KA receptor-recognition sites are almost exclusively located postsynaptically (Greenamyre and Young, 1989) . In most of the neostriatal neurons, KA induces depolarizations coupled with a decrease of membrane resistance. This effect, in contrast to the action of NMDA on these cells, is not blocked by low-calcium, cobalt-containing solutions. This finding suggests that in neostriatal slices, as well as in cultured central neurons Westbrook, 1987a,b, Ascher and Nowak, 1988) , KA mainly activates sodium influx, while there is a much larger calcium flux through NMDA-than through KA-activated channels. In a few neurons, during application of low concentrations of KA, we observed a slight increase of the membrane resistance; this finding can be related to a possible KA-induced 0.1 UM 1 IJM kainic acid concentration decrease of potassium conductances as previously described in hippocampal neurons (Gho et al., 1986) . In the CA3 hippocampal area, KA induced epileptic activity characterized by spontaneous and evoked bursts of action potentials and paroxysmal depolarizing shifts followed by long-lasting afterhyperpolarizations (Ben-Ari and Gho, 1988) . This bursting behavior was never observed in neostriatal neurons, even during application of KA concentrations causing permanent neuronal damage. Two main reasons may account for the lack of epileptic activity in the neostriatum: (1) In the neostriatum, the recurrent excitation, at least in vitro, is too sparse to trigger synchronous bursts (Calabresi et al., 1989b) , and (2) neostriatal neurons do not possess, under control conditions, prominent calcium conductances and slow calcium-mediated potassium afterhyperpolarizations (Calabresi et al., 1987a (Calabresi et al., ,b, 1988 (Calabresi et al., , 1990b 
in extracellular potassium coupled with impaired glial uptake, have been implicated in the so-called "nonspecific mechansisms of KA toxicity" (for review, see Ben-Ari, 1985; . However, recent increasing evidence shows that receptor-operated mechanisms mediate most of the metabolic changes underlying KA toxicity Monaghan et al., 1989; Wroblewski and Danysz, 1989) . A further indication, that the KA-induced toxicity is not simply caused by nonspecific membrane depolarization, is the evidence that the increase of the external potassium concentration, up to reaching the same depolarized membrane potentials obtained during the application of high concentrations of KA, does not cause irreversible electrical changes in neostriatal neurons (P. Calabresi, unpublished observations).
KA induces bicuculline-sensitive synaptic potentials
Most neostriatal neurons are GABA-containing cells (Groves, 1983) ; GABA is not only released from axon terminals in the output structures, but it is also used as a transmitter in the neostriatum itself (Groves, 1983; Lighthall and Kitai, 1983; Calabresi et al., 1990a,b) . Spontaneous bicuculline-sensitive depolarizing potentials have been described in neostriatal neurons at resting level (Calabresi et al., 1990b) . Bicuculline-sensitive depolarizing potentials were greatly enhanced in frequency and 15 min wash amplitude during the application of KA. KA induced depolarizing potentials even in cells showing no spontaneous synaptic activity under control conditions. The finding that these KAinduced spontaneous depolarizations were fully blocked by lowcalcium, cobalt-containing solutions and greatly reduced by TTX shows that they are synaptically mediated. The decrease of these potentials in the presence of bicuculline suggests that they are caused by endogenous GABA.
Although previous biochemical studies reported KA-induced GABA release from neostriatal (Pin and Bockaert, 1989) hippocampal (Harris and Miller, 1989) , and cerebellar (Gallo et al., 1987) cultured neurons, this is the first physiological evidence showing KA-induced GABA release in the neostriatum.
Physiological and clinical implications
The differential sensitivity of neostriatal neurons to KA might have both physiological and clinical implications. The corticostriatal projecticn provides the main excitatory input to the neostriatum; glutamate plays a major role in this pathway (Divat et al., 1977; Reubi and Cuenod, 1979) . It has been shown that kynurenic acid blocks cortically evoked excitatory synaptic potentials in the neostriatum (Walsh et al., 1989) , and QUIS and KA receptors have been implicated in the generation of these potentials (Herrling, 1985) . For this reason, it is likely that . KA induces bicuculline-sensitive synaptic depolarizing potentials. Au, In the control condition, 300 nM KA caused a slight depolarization coupled with an increase of the frequency of spontaneous depolarizing potentials (this cell showed a low postsynaptic sensitivity to KA). Ab, The spontaneous depolarizing potentials are shown at higher speed. Ba, One-hundred PM bicuculline did not affect the membrane response to KA, but clearly reduced the amplitude and the frequency of the KA-induced spontaneous depolarizing potentials. Bb, The KA-induced spontaneous potentials in the presence of bicuculline are shown at higher speed. All traces were recorded from the same cell. Calibration bars in Au and Ab also apply to Ba and Bb.
